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1. In February, 1981, Executive Order 12291 was issued. It required a
benefit cost analysis for all major regulations where statutes did not prohibit
use of such analyses. While there were quite disparate views as to whether
this order alone would increase the role of economic analysis in the evaluation
of environmental regulations (see essays in Smith [1984] for early
discussions), it seems now, after eight years, to have changed the way
regulations are discussed and evaluated. Benefit-cost results are a part, and
certainly not the exclusive part, of evaluations of new and existing
regulations. See U. S. Environmental Protection Agency [1987] for an interval
review of the effects of the benefit-cost mandate.

2. This is frequently the focus of benefit transfer exercises used in policy
analyses and in summary studies designed to provide valuation estimates in
anticipation of policy evaluations. The reviews by Sorg and Loomis [1982] and
Walsh et al. [1988] for the U. S Forest Service as part of implementing the
multiple use and sustained yield legislation are examples of this approach.

3. See Mood, Graybill, and Boes [1974], pp. 180-82, for examples and
discussion.

4. Bockstael and Strand [[1987] used the total consumer surplus. By adopting
this formulation, I avoid consideration of the source of the errors.

5. The derivation underlying these results does not drop the covariance terms
as Adramowicz et al. [1989] does.

6. Another approach first identified as relevant to this problem by
Bockstael et al. [1984] was developed by Zellner [1978]. It is the minimum
expected loss estimator. Zellner's loss function expresses the mean squared
error relative to the true value of the parameter. For the semilog model, it
offers a direct estimate of the cs/q as s

It was also evaluated in the sampling experiments reported below but was found
to be inferior in all cases to the AMMSE estimator.

7. Clearly this practice must be used cautiously. It would prevent rejecting
existing theory based on contradictions. This is not what I intend to imply
here. Rather my focus is on maintained theory underlying a model that is not
subject to test in any specific application.
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Demands for Data and Analysis Induced by
Environmental Policy

by
Clifford S. Russell and V. Kerry Smith*

I. Introduction

Economic analysis of environmental policies is, if not uniquely, at least

unusually difficult. Resolution of these difficulties requires substantial

investment in data collection and model construction, only some of which is

directly economic. Some of the reasons for the difficulties of environmental

benefit-cost analysis are well known, appearing in intermediate and even

elementary microeconomic and policy analysis texts. Thus, even the average

economics undergraduate major can be expected to appreciate that there is a

problem finding demand functions for many services of the natural environment

because they are public goods. At more advanced levels, they will learn about

such thorny technical issues in implementing proposed solutions to this

problem. Those interested in policy learn about the conflicting maze of

environmental legislation, including problems of overlapping jurisdiction,
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differences in burdens of proof and, most significantly, disagreements between

laws over what role, if any, economic analysis should play.

But neither the technical economic matters nor the special policy

problems, challenging though they may be, provide the principal explanation for

our assertion that the benefit-cost analysis of environmental policy may well

be uniquely difficult. Rather, that assertion is based on the central place in

such analyses of the complex relationship between policy implementation choices

on the one hand and the relevant natural systems (especially atmosphere, water

bodies, soil and resident plant communities and ground water) on the other.

To set the stage for a more careful examination of this assertion, let us

consider the nature of the system of environmental regulation and the origin of

the complications in which we are especially interested. Figure 1 combines an

overview of the linkage between policy choice and resulting benefits, with

indications of the complications arising at each stage in the linkage. In the

next three sections we shall examine in turn each of the links in the figure:

In section II, we shall describe some of the problems implied by the

way standard setting is constrained and practiced and by the

necessity of choosing an accompanying implementation plan;

In section III, we concentrate on the central role of knowledge of

natural systems interacting with choice of implementation system;

In section IV we come to some of the more obviously and traditionally

economic issues connected with valuing environmental services.

The final section of the paper brings together the analysis of sections

II-IV with a brief assessment of key emerging policy issues to produce our

version of a catalog of data-gathering strategies likely to be most relevant
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and valuable for analyzing future decisions of the allocation and management of

environmental resources.

While our approach to identifying data needs builds from specific examples

of current policy issues, the questions raised are general ones. Thus, we do

not attempt to catalog what we consider to be the most important environmental

policy issues in 1988 and then base an evaluation of data requirements on them.

Instead we argue that the interactions between the statutes defining the

character of environmental policy and the role of natural systems for

economic agents' behavior affect the problems that would appear on any list

that might be composed. Thus, regardless of whether one believes global

warming or indoor air pollution is among the most pressing environmental

questions, economic analysts will need to incorporate what is known about a

form of these interactions in developing their analyses

II. Choosing Standards and Implementation Plans

Table 1 (adapted from EPA 1987a) summarizes the major criteria to be

considered by the Administrator of EPA in deciding on standards under a variety

of legislative mandates. Two features of this table are especially striking.

First, the criteria used to choose standards frequently focus on a subset of

the information that would be part of a full benefit-cost analysis. For

example, under the Clean Air Act the primary standards for criteria air

pollutants are to be based on human health effects but cannot include

compliance costs in the process of defining the standard. In contrast, under

the Clean Water Act, the definition of one type of technology-based standard,

Best Conventional Treatment (BCT), can be based on costs (in comparison with

the marginal costs of secondary treatment at municipal waste treatment
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facilities) but not on the specific benefits to be realized at individual water

bodies.

Second, the mandates involve significant areas of overlap where different

regulatory analyses are intended to influence the same types of pollutants in

the ambient environment, e.g.: primary standards for Criteria air pollutants

and New Source Performance Standards defined on the basis of the effects new

discharge sources would have on the concentrations of these pollutants.

One important implication is that economic analysis (in this case,

benefit-cost analysis) usually involves an evaluation of the net

effect of standards chosen on some basis other than economic efficiency.

Another is that standards set under one provision of one law may well overlap

in their effects with those set under another provision or law. This raises

difficulties for the definition of benefits -- at least whenever marginal

benefits are non-linear -- because of the interdependence of baselines.

Other serious problems introduced by the standard setting operation can be

considered in a few specific examples. Setting an environmental standard of

either the discharge or ambient sort requires that the regulator must:

(Richmond 1983)

identify the pollutant to be regulated.

select the form of the standard (i.e., a technology to achieve an

emissions rate or an ambient concentration).

choose the concentration or discharge amount that will be the average

target.

pick the averaging time over which the target is to be met (an hour,

a day, a week, a year...).
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define the exceedance rate(s) of interest (e.g.: a weekly average

standard might be paired with a daily upper limit).

define what constitutes a violation, taking account of the

statistical error structure displayed by the monitoring equipment and

other relevant sources of uncertainty (such as measurements made

across a sample of different applications of a technology where the

standard is technology based).

Thus,  evaluating the net benefits of an environmental standard is a

complicated business. Not only do we lack information on the effects of average

(or peak, as applicable) exposures to particular pollutants (or ecological

effects of average concentrations), we also should be able to evaluate

alternative patterns of allowed exceedance. In practice we are fortunate if we

have the data from which to estimate dose-response functions over any range and

averaging time.

The case of the particulate matter (PM) ambient air quality standards

permits us to see some of the troubles that can arise even within this limited

context. The benefit-cost analysis done for PM was the most expensive of those

discussed in the EPA report cited above (EPA 1987, FN 1). It seems reasonable

to assume that the quality of the analysis reflects these expenditures.

The first and largest problem in analyzing PM benefits was that the

available laboratory evidence on the health effects of airborne particulates

did not match up with the available ambient measurements. Laboratory

toxicology suggested that particles smaller than 10 microns across were

responsible for whatever health damage was observed. Since preventing health

damage was the mandated basis of the standard, the ambient standard had to be

written in terms of these small particles. Ambient measurements, with a few
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isolated exceptions, had for years been done in terms of total suspended

particulates (TSP). As a consequence, epidemiological studies aimed at finding

health effects associated with airborne particulates inevitably labored under

an imposed errors-in-variables problem.

More fundamentally, however, analyzing the total net benefits of the 10-

micron PM standard required that the relation between TSP and the distribution

of particles by size, both before and after a standard, be understood. In

addition, the analysis does not end with health because other benefits could be

identified that depended on other sizes of particulate matter. In fact, the PM

study conducted by EPA (and subcontractors) involved separate assessments of

the health benefits (including mortality and morbidity effects), the household

benefits from reduced soiling and materials damages, and the benefits to the

manufacturing sector from reduced soiling and materials damage. The first two

relied on judgmental appraisals (see MathTech [1983]) of the "best" estimates

of dose response relationships and the last two involved the development of new

models linking consumer expenditures (on commodities related to household

cleaning) and sectoral cost functions to measures of particulate

concentrations.

The importance of the institutional setting in combination with the

technical and natural systems also can be seen in the cost estimates for the

PM standard. Developing these estimates required a specification of how

states would formulate their State Implementation Plans (SIPS), the degree of

compliance with the plans, and the resulting estimated levels of particulate

emissions. Emissions then had to be translated into estimates of the ambient

concentrations of particulates. Of course, uniform ambient air quality

standards do not imply uniform levels of actual air quality, a point we return
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to in Section III. The changes in air quality from a specified baseline

defined spatially will depend on how the assumed SIP describes the process

the set of discharge reductions) used to meet the standard in each air

quality control region.

To stress the analytically arbitrary nature of the institutional context,

we report an example drawn from Liroff [1986]. When states decide how to

achieve the National Ambient Air Quality Standard (NAAQS) for a pollutant, they

may have a choice among different average levels of emission reduction

depending on which mathematical model of the local atmospheric system they

choose to use to predict ambient concentrations. Table 2, based on Liroff's

Table 2.2, shows the choice facing Ohio in designing its implementation plan

for ground-level ozone, The two alternative models lead to alternative

patterns of predicted ambient concentrations, though both would show no

violation at any monitoring site. Thus, the predicted net benefits of the

ozone NAAQS in Ohio (and generally in any state) will depend on the choice of

modeling technique, not just on the average level of the standard. Of course,

it is possible that either or both models may be wrong. Neither pattern of

reductions might in fact result in meeting the NAAQS.

Let us now turn to natural system information and modeling, and the

implications of how we handle such matters for our estimates of the benefits of

environmental standards

III. Bring in the Natural World

The evaluation of environmental policies inevitably involves economists

with the systems that make up the ambient environment, If a policy mandates a

reduction in polluted waste water discharges from industrial and publicly owned
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sources, the streams, rivers, lakes, and ponds that constitute the receiving

waters translate the discharge reduction into ambient quality improvements that

are valued by individuals. Turning this notion around, if public policy

involves mandated upper limits for concentrations of pollutants in the ambient

atmosphere, the transportation, dilution, and transformation processes at work

in that atmosphere must have a key role in determining how much discharge

reduction has to be accomplished to meet the standard.

While this seems intuitively clear, the importance of knowledge of those

processes is greater than these observations suggest. There are two reasons

for this. One is ubiquitous; the other is found to be central to some

situations and not to others. The ubiquitous influence is space, the

differential location of pollution sources and pollution receptors in the two

dimensional plane. Additional complication is introduced by the non-linearity

of most environmental processes.

Consider the role of location. In the simple situation, a policy is

represented graphically or mathematically by a single marginal benefit (or

damage) and a single marginal cost function. These may have as arguments

either ambient pollutant concentrations or pollution discharged. The optimum

policy is defined by the usual MB-MC condition. The addition of spatial detail

merely replicates this condition at each location. That is, efficient policies

equate the marginal benefits to the marginal costs of realizing a given level

of ambient quality at each location. In conventional Pareto efficiency terms

this corresponds to equality of the relevant sum (for that location and its

residents) of the marginal rates of substitution for environmental quality (in

relation to a numeraire) to the corresponding shadow price describing the real

costs of attaining it. The natural system is implicit in the definition of the
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real marginal costs. When perfect mixing of all pollution discharges produces

uniform concentrations of pollutant everywhere in the ambient environment -- as

is roughly true for some air pollutants under certain physical and

meteorological conditions -- the simple model offers a reasonably good

approximation.

But in the largest number of cases, it does not. For a mandated policy of

emission reductions, even if that policy involves equal percentage reductions

at all sources, the amount of ambient quality improvement will, in general, be

different at every point in the relevant environmental medium. If the policy

to be evaluated involves mandated ambient quality standards, the situation is

even more at odds with the simple model. Not only will the concentration in

the standard characterize only a few points in the environment after the policy

is implemented, but which points those are and by how much the quality at every

other point is better than the standard will, in general, depend on exactly how

the standard is implemented.

Both environmental quality levels and, more important, improvements in

quality attributable to a policy are different at every point in the

environment. Moreover, every point is usually characterized by different

levels of human "use." Thus, for example, some points in the atmosphere

coincide with dense residential population, some with sparse; some coincide

with industrial plants, some with office buildings, some with vacant space.

Similarly, along a river some segments will have heavy recreational use (or

prospectively have such use) because of conditions of access, bank type,

current, and temperature. Other segments may be unattractive to recreationists

for reasons having nothing to do with the level of pollution at that location.
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Therefore, the estimates of benefits of proposed (or actual) environmental

management policies are intrinsically dependent on the accuracy of our

knowledge of the natural world processes, upon the detail required for the

spatial resolution and on the implementation plan assumed in the analysis.

The net benefits of a given policy, can be written in fairly general terms

as follows:

Where there are m points (call them receptor locations) at which we agree to

measure ambient quality and infer benefits, and n sources of pollution. The

functions represent the environmental transformation of discharge

level into a contribution to ambient quality at point j. Writing as

a function of    the policy, emphasizes the point that (in most cases)

pollution management policies operate through affecting discharges of

pollutants. The (.) functions describe the coats to source i of reducing

emissions by , with the uncontrolled emissions of that source.

In general, the benefit functions ( )) are different for every j

because of the factors mentioned above. Thus, every discharge level is a

function of the policy choice and the ambient quality at every receptor

location can, in principle, be a different function of every discharge level.

For example, if    consists of a required 50 percent reduction of pre-policy
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discharge at every source, that defines the vector

These discharges are transformed by the functions into ambient

pollution (or quality levels; and the resulting quality at each receptor

location is valued using the functions ( ). If, on the other hand, the

policy   requires an upper limit on ambient pollution at any receptor location,

call it analytical implementation implies funding a vector of discharges

satisfying the requirement. This will depend on the functions for we

are solving a problem of the following form:

This is different than the description in textbooks because the policy is not

defined to meet an efficiency criterion. We simply use (1) to evaluate how its

implications relate to the net benefits realized with some baseline or status

quo position. There may be no such vector. More often, since n > m, there will

be an infinite number. The benefits flowing from the choice will depend on

which vector D is evaluated. This is because every such vector will, in

general, produce a different pattern of ambient quality across receptor

locations. Further, in this general formulation, there is no presumption that

quality better than the standard is valued at zero.

To illustrate what happens if we ignore the natural system, we offer one

very simple and two not-so-simple examples. First, consider a hypothetical

region with two sources of air pollution and three receptors or agreed-on

monitoring locations. The sources are, in fact, linked to the receptors by an

atmospheric system that can be characterized by a matrix of transfer

coefficients, T, as follows:
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Source: A

B

Receptor

I II III

2 1 0.5

1 2 2

Ambient quality, Q, is determined on the basis of source discharges as:

(2) Q - DT where D -

And the benefits of discharge reductions are assumed obtainable, as damages

avoided, from a quadratic damage function.

(3) for each receptor i

If initial discharges are D - 4, D - 2, the base or initial quality levels

are:

(4) - (10,8,6)

with resulting damages:

III

( 5 ) - 200

i-I
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The effect of what we might call environmental ignorance is illustrated by

illustrated by considering three different ways of evaluating the benefits of

setting increasingly stiff ambient quality standards,

(1) We know nothing about the environment (in particular, we do not know

T), so we simply work from the regional average concentration before

the standard is set and assume that the standard is the average

concentration after it is set. Let us denote this approach to

estimating benefits as method 1, designated Then:

where j indexes the severity of the standard.

(2) We still know nothing about the atmospheric system (T) but

disaggregate benefits. In this formulation, benefits are calculated

only for receptors where the initial quality level is worse than the

standard. Moreover, it assumes that at every such point, after the

imposition of the standard, quality just equals the standard. This

is method 2 given by (7):

(7)

for all i such that

(3) We know and use T. Implementation policy is a "roll-back" rule from

base period discharges. That is, with particular standard, the
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roll-back rule specifies that each discharge is reduced by the

proportion given by:

(8)

so that benefits are

(9)

where

(10)

Each of these methods provides a definition of the aggregate benefit

function and with it describes our knowledge of the environment. Table 3

summarizes the aggregate benefits under the three definitions for four levels

of ambient quality standard: 8, 6, 4, and 2. Both total and marginal benefits

are shown, with the latter defined as the difference between the benefit at

standard and at divided by 2.

At those standards with small improvements over the baseline quality, the

three measures exhibit the least agreement for both total and marginal

benefits. Methods (1) and (2) ignore benefits produced by improvements beyond

the standard required by the control actions necessary to meet the standards at

the binding receptor. As the standard is tightened they exhibit closer

correspondence. This is not surprising because as the standard is tightened

toward zero pollution, the variation around the average ambient level is

reduced. Thus, the difference between the standard and the quality level at
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any particular nonbinding receptor is reduced, and with it the sources for the

differences between diminish.

The marginal benefits calculated ignoring the natural system are an

especially unreliable guide to optimal policy choice. These results are not

simply artifacts of our example. Two more realistic cases illustrate the peril

of ignorance of the natural world's systems. The first is based on the data

developed for the Baltimore, Maryland, region in the paper by McGartland, et

a1. [1988], using their air quality results (for total suspended particulates)

and translating them into versions of our surrogate benefit measures. The

primary difference is that Method 3 reflects a least-cost rather than a roll-

back scheme for implementation. So we refer to it as Method 3' (see Appendix A

for data and methods). Table 4 contains a summary of the results for total and

marginal (surrogate) benefits for each estimation approach or level of

knowledge. The marginal benefits calculated by McGartland, et a1. are shown at

the bottom of the table.

Thus, in in a much more realistic example, the methods that ignore the

natural environment produce problematic estimates of marginal and total

benefits. Method 1 shows no benefits because the base case average TSP

concentration is already below all the standards considered. Method 2 produces

substantial underestimation of both marginal and total benefits. It ignores

improvements at receptors that have quality better than the standard before it

is imposed.

Modified Method 1 depends on simple reduction of the average TSP

concentration for the region for each standard level by the same Percentage as

that standard represents a reduction of the baseline standard that McGartland,

et a1. use in their benefit calculations, 120 micrograms per cubic meter. It
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produces total benefit numbers roughly similar to those obtained in Method 3',

the method reflecting best available knowledge of the environment. But this

apparent improvement does not extend to marginal benefits. The actual pattern

obtained via Method 3' shows an early peak at 110 ug/m , followed by a dip and,

then, subsequent increases. Indeed, marginal benefits are still increasing at

the strictest standard shown.

Of course, one might criticize this example as well, nothing that we are

not working with a 'real' damage function. Our last example does just that,

using data on water quality changes, as measured by dissolved oxygen, generated

by a complex and quite realistic model of the Delaware River Estuary; a mapping

of dissolved oxygen (DO) into sustainable recreation types from a second

source; and an annual per capita willingness to pay for the availability of

water-based recreation by type from a third source. (The details of the data

and calculations are set out in Appendix A.) The results for total and

marginal benefit estimates are given in Table 5.

The patterns of marginal benefits once again display the largest effects

from ignorance of the natural world. Method 1 implies there would be no

benefits of going from the baseline situation to a standard of at least 3.5

parts per million (ppm) of DO for every reach of the river. But the marginal

benefit of tightening the standard from 3.5 ppm to 5.0 ppm of DO is 420.2.

Under Method 2 -- reach-by-reach disaggregation, but assuming benefits only for

reaches that are initially worse than the standard -- the marginal benefit of

the 3.5 ppm standard is 184.5 and that of the 5.0 ppm standard is 326.1. This

pattern is almost exactly the reverse of that observed when complete knowledge

is used in Method 3. In this case, the marginal benefits associated with the

lower standard are 372.7, while those associated with the next improvement to
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5.0 ppm are 208.7. Thus, even though the total benefit estimated to be

associated with the tougher standard are roughly similar for Methods 2 and 3,

the marginal benefit patterns are very different.

The results of these examples may be so obvious that their applicability

seems doubtful. Who would ever use methods such as (1) or (2)? The answer --

and this is the key to our later recommendations -- is just about everyone. An

examination of the invaluable compilation of benefit estimates published by

Freeman [1982] reveals that every one of the reported air pollution benefit

studies uses a version of with most relying on a method very like

Method 1. The water pollution benefit studies he summarizes all use a version

of in which full attainment of the most ambitious standards (or ambient

quality goals) of the Clean Water Act (CWA) is assumed.

As important as pointing out the prevalence of benefit estimates based on

ignorance of natural systems is an attempt to understand why the cause also

merits consideration. In the case of water pollution control benefits, the

answer is generally that insufficient resources have been invested in the

research needed to reduce our ignorance. Translating the technology-based

discharge standard definitions of the CWA into actual discharges from tens of

thousands of point sources of water pollution is hard enough. But then

translating such changes in discharges, were they available, into changes in

water quality indicators that in turn can be valued by individuals involves

data gathering, modeling, and basic conceptual research efforts beyond what the

sponsors of such research have been willing to pay.   Finally, the data on

valuation that is available generally is in the form of step functions unsuited

to the valuation of benefits of small improvements in quality, especially at

reasonably clean receptor locations.
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For air pollution benefits, the state of the art of emission inventories

and air quality modeling has for some time been capable of supporting the sort

of disaggregated, location-specific benefit estimates obtained by McGartland et

al. [1988] for Baltimore. When national total benefit estimates have been the

object of the exercise, however, it apparently has been too daunting a task to

manage the necessarily massive data banks and atmospheric models.

Finally, before we turn to the next concern of this paper, the valuation

of environmental quality changes, we should consider the effects of

implementation plans on benefits. This is the primary concern of McGartland et

a1. [1988]. While their paper actually is addressed to the relevance of

benefit estimates for the choice between regulatory approaches ("command and

control" versus use of economic incentives), their results provide a fine

illustration of the point that for any given level of environmental knowledge,

estimates of benefits will depend on the method of implementation -- the

pattern of discharges -- assumed.

Thus in Table 6 we reproduce their marginal benefit estimates for the

command and control and "least cost" implementation approaches. In this case,

neither set of estimates can be characterized as "wrong." Both reflect the

best environmental information available. Nonetheless, they are very

different. Thus, the statement that a particular standard yields particular

benefits has meaning only when an implementation method is explicitly assumed.

The same standard, treated as an upper bound on a pollutant's allowable

concentrations, can imply an infinite number of aggregate marginal benefit

patterns because these benefits will depend on how the standard is implemented

and on what the natural system implies this implementation plan will yield as

the ambient concentrations for each receptor location. In most theoretical
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treatments of these issues, this problem is avoided by simplifying assumption.

The benefits are taken to be measured at a single, representative point in the

environment. The costs of improving quality at that point are assumed to

reflect the environmental transformations implicitly.

IV. Evaluation Benefits: Learning from Past Research and Identifying

New Initiatives

The statutory guidelines creating the demand for valuation measures for

environmental resources and the time horizons written into the statutes make it

impossible to develop new benefit-cost studies for each decision. This has led

to growing interest in the methods used to transfer valuation (or demand)

estimates derived in one situation to a new one. Both the McGartland et a1.

[1988] study of air quality in Baltimore and our own analysis of water quality

in the Delaware River used valuation estimates derived from one or more studies

in the literature (see Appendix A). For the most part, these were derived from

judgmental reviews of the literature and propose a best estimate (or a range of

values).

Because the services of environmental resources exchange outside markets,

the methods used to estimate consumers' values for them have developed along

two lines. The first focuses on observable behavior that can be linked by

assumptions to the resource of interest. Methods relying on this strategy have

usually been labeled the indirect approaches. They include: the travel cost

recreation demand models, hedonic price functions (property value and wage

rate), hedonic travel cost functions, damage-averting cost models, and factor

productivity (or reverse value added) methods. In each case, an individual's

(or a firm's) actions are assumed to be partially motivated by a desire to
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obtain the service of an environmental resource (or to avoid the detrimental

effects of pollution to that resource). Using models based on these actions,

researchers attempt to estimate the marginal value of changes in the quantity

or the quality af the nonmarketed resource.

The second group of methods relies on survey techniques that ask

respondents how they would value (contingent valuation) or change their

behavior (contingent behavior) in response to a postulated, hypothetical change

in the services of an environmental resource.  This method assumes that an

individual's response to a hypothetical situation provides an authentic

description of how he (or she) would respond to an actual change.

The purpose of this section is to suggest that efforts to summarize and

evaluate benefit estimates offer another kind of opportunity -- to evaluate

what we have learned about the values of environmental resources; to examine

the sensitivity of these estimates to the modeling decisions required to

develop them; and, based on these two appraisals, to identify new data and

analyses required to resolve the uncertainties leading to the disparities in

valuation estimates. The required analyses treat the results from past studies

as data to "test" whether differences in the estimates (across studies) reflect

systematic variations in the resources being valued or in the assumptions and

the methods underlying them.

While this approach appears to be a new one for evaluating empirical

research in economics, it is not new to other social and health sciences.15

"Meta analysis" describes a research method that seeks to provide systematic

summaries of the findings from empirical evaluations of educational or social

programs. Du Mouchel and Harris [1983], for example, proposed a similar
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strategy for the transfer of risk assessment models from animal to human

populations.

Our objective is broadly similar. However, we seek to evaluate whether

there are systematic influences on the values estimated for specific types of

environmental resources and whether these influences can be distinguished from

the assumptions and features of the methods. Ideally, such an analysis would

be undertaken within a single empirical study where consistency in data

sources, reporting conventions, and statistical modeling criteria could be

maintained across the resources and models studied. Unfortunately, this was

not possible. Consequently, we summarize the results of a pilot study

conducted by Smith and Kaoru [1988] that uses the existing literature as the

basis for an examination of the determinants of valuation estimates for

recreation resources. The focus on value estimates is deliberate because,

regardless of the original objective of the research, benefit estimates have

been the single most important policy use of the outputs this type of research.

Equation (1) defines the basic model. To use it, we maintain that the

valuation estimate relevant for our example, the real consumer surplus, RCS,

per unit of use of a site is a function of four types of variables: the type of

recreation site, the assumptions inherent in the model specification,

the form of the demand model, and the estimator used,

where = S, A, D, E are conformably dimensioned vectors and     is

the stochastic error for the ith estimate.

Smith and Kaoru [1987, 1988] have reviewed over 200 published and

unpublished travel cost demand models prepared over the period 1970 to 1986 and
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developed a data set summarizing the valuation estimates, features of the

resources involved in these demand studies, and characteristics of the models

involved. The results reported here are based on 77 studies. They yield 734

observations for the consumer surplus per unit of use. The individual

observations vary by recreation sites, demand specification, modeling

assumptions, and estimator used.

There was enormous variability in the information reported across studies.

Often the objective of the research was something other than estimating the

values for a recreational facility. It may have been testing a specific

hypothesis, with the results reported confined to the specifics of the

hypothesis test. Smith and Kaoru did not attempt to contact individual authors

to supplement (or check) what was reported in the individual papers. Rather

their data set relies exclusively on the information reported within these

limitations. Table 7 defines some of the variables that could be consistently

defined across the studies in each class of variable.

To interpret the results obtained from statistical analyses of valuation

estimates across different studies, we must formulate specific hypotheses

concerning how and in what dimensions these estimates might be sensitive to

modeling judgments. A beginning step in this process can be found in past

literature reviews (i.e., Ward and Loomis [1986], Smith and Desvousges [1986])

as well as in what seem to be established conventions in developing travel-cost

demand models. A few such protocols would Include:

(1) Use trips as the quantity measure where possible, and attempt to

segment the sample when it is known that the length of stay Per trip

is different.
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Take account through sample segmentation of differences that might

arise from use during different seasons, or during different time

periods when there may be different time or resource constraints.

Treat travel time as an element affecting the cost of a trip.

Include vehicle-related costs and the costs attributed to travel time

as well as any entrance fees or site usage costs (i.e. parking costs,

lift fees for skiing, etc.) in the unit cost estimated for a trip.

Use substitute prices to measure effects of substitute sites rather

than an index of substitution; complete systems of demand functions

are unnecessary if the objective is to measure demand for one of the

sites.

Reflect quality features of the site in the demand models.

Recognize that heteroscedasticity is likely to be an issue with zonal

data and that selection effects can be important with individual

data.

Avoid the problems posed by cost allocation issues that can arise

with multiple destination trips by segmenting the sample according to

the distance traveled to the site.

substitute sensitivity analysis for strict adherence to one

particular functional form for the demand function.

Equally important, areas exist for which there are either insufficient

data or the absence of a clear consensus. These are:

(1) the measurement of the opportunity cost of travel time; simple

scaling of the wage rate was not found to be consistent with several

of the demand studies based on individual data, yet explicit

recognition of multiple prices for recreation time is generally
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beyond the information set available in most current studies; no

compromise has been proposed to deal with this problem;

(2) the treatment of the attributes of a site's services;

and

(3) definition of a recreation site for modeling demand, especially where

there are many comparable sites within a small geographic area or

where there is one large "site" that extends over a wide area.

What has been missing in past assessments is some gauge of how important the

decisions might be in influencing the valuation estimates that result.

From the perspective of being able to transfer valuation estimates, we

would prefer that the empirical estimates of equation (11) be consistent with a

maintained hypothesis that                     That is, judgmental modeling

assumptions contribute to the variability in benefit estimates but do not

impose systematic influences on the size of the benefits estimated. Of course,

to the extent this is not our conclusion, then we believe the process has

identified areas where further research, modeling, and data collection may be

warranted.

Table 8 provides some descriptive statistics from the Smith-Kaoru data on

the features of the studies, classified by the type of site involved. It

reports the number of estimates for each type of resource, the mean and range

in real consumer surplus (per unit of use) estimates, the proportion of the

studies based on individual (as compared with origin zone) data, and the range

of years represented in the studies. It is clear that there are exceptionally

wide variations in the consumer surplus per unit of use -- from under $1 to

over $100 in five of the seven cases. Two of these have estimates over $200.

These differences could represent dramatic differences in the character of the
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resources in each group, in the models used, or in the characteristics of the

recreationists in each sample.

Table 9 reports the ordinary least squares (OLS) estimates for five models

which consider whether the variations in real consumer surplus across studies

can be "explained" by the classes of variables hypothesized in equation (11).

Models 1 and 2 in the table contain the least variables, with 1 considering

only qualitative variables describing the type of recreation site and 2

variables describing the model specification. The remaining three models

introduce groups of variables to illustrate the sensitivity of the estimates to

the model specification, as well as to the reductions in sample size implied by

these more detailed formulations. These reductions arise from the incomplete

information available in the papers used to construct the Smith-Kaoru data

base. Model 5 is their preferred specification.

The numbers in parentheses below the estimated coefficients are the t-

ratios calculated with the OLS standard errors. Those in brackets below models

3 through 5 are the t ratios using the standard errors estimated from the

Newey-West [1987] proposed adaptation of the White [1980] consistent covariance

matrix. They are reported to gauge whether the panel nature of these data

might have influenced any judgments on the importance of variables describing

the sites or the modeling decisions.

The Smith-Kaoru data set is a panel because there are a number of cases of

multiple consumer surplus estimates reported from a single study. These can

reflect different models estimated with data for a common recreation site,

different sites and associated data, or both. Given this diversity in the

source of multiple observations per study, the model does not readily conform

to either a simple fixed or a random effects model. Newey and West's
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covariance estimator allows for a generalized form of autocorrelation and

heteroscedasticity. As such, it provides a convenient gauge of the potential

effects of the stochastic assumptions maintained in estimating the determinants

of the real consumer surplus.

Several conclusions emerge from this statistical summary of the

literature. The results clearly support the basic approach to reviewing

empirical literature. The models' estimates indicate that the type of

resource, the modeling assumptions, specification of the demand function, and

estimator can influence the resulting real consumer surplus estimates.

For the most part, individual variables had effects consistent with a

priori expectations. Nonetheless, there is at least one important aspect of the

variable definitions that should be recognized. Our site classification

variable is not a class of mutually exclusive categories. Some sites fall in

multiple categories. For example, a state park with a lake would imply unitary

values for both of these variables. The estimated coefficients must also be

interpreted relative to an omitted category (coastal sites and wetlands),

because all sites fell within at least one of these definitions. Thus the

differential a state park with a lake would imply in per unit consumer surplus

over coastal areas is about $2.00. Nearly all the variables, describing

modeling decisions were found to be statistically significant factors in

describing the variation in real consumer surplus.

Examples of these results, that are on the one hand consistent with

intuition yet also disturbing from the perspective of developing benefit

estimates that are readily transferred, include the effects of the treatment

of: substitute price measures; the value of the opportunity costs of time; the

specifications used to capture the effects of multiple sites (e.g., the
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regional travel cost model); the demand specification (notably the double-log

form); and estimator used to account for the truncation effects present with

site-intercept surveys.

Overall these findings emphasize the sources of ambiguity in demand

modeling described earlier. While the Smith-Kaoru findings are just a start

and should be interpreted cautiously, some specific areas can be targeted

despite this qualification. More careful consideration is warranted of why the

treatment of time costs and the selection of an estimator are so important to

these valuation estimates. In the first case, the sensitivity reflects the

fact that we do not know how the constraints to an individual's time affect his

recreation decisions or how an individual's implicit values on time vary with

the nature of his choices. Data can be sought on both issues.

Similarly, the importance of the choice of estimator probably reflects the

difficult subsidiary issues involved in deciding how to deal with the sampling

(Shaw [1988]) and selection (Smith [1988]) effects associated with intercept

surveys. An effort to improve the situation through data collection would

involve returning to the early population surveys (i.e. samples designed to be

representative of all households, not just users) that elicited information on

households' recreation choices. These surveys originally were sponsored by the

Bureau of Outdoor Recreation (see Cicchetti et  al. [1969]). However any new

surveys would require information on the sites individuals use and their

patterns of use to overcome the problems that arise in the on-site surveys. (The

early BOR surveys did not collect this type of information.) Understanding the

"market" for a recreation site lies at the heart of evaluating why substitute

prices and the qualitative variable for regional travel cost models were

important.
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We know very little of how individuals learn about and subsequently define

(for choice purposes) the recreation opportunities available to them.

Decisions on the use of "local" recreation sites versus more distant "national"

sites will most certainly be made with different time horizons and constraints.

How are these decisions to be distinguished and can they be modeled separately?

Progress in modeling recration decisions requires answers.

The empirical models also identify an important role for the functional

form selected to describe demand. The recreational demand literature has seen

increasing criticism of the use of arbitrary specifications selected largely

for convenience or based on some fitting criteria. Several recent studies have

argued that behavioral derivations of demand models would be preferrable. That

is, they suggest models should begin with specific utility functions and derive

estimating equations by assuming optimizing behavior and by specifying the

budget and time constraints assumed to face individuals. Of course, analytical

tractability constrains how these efforts can proceed.

We believe that there is not an obvious answer to the question of imposing

prior theory versus using approximations. In a genuine sense, all applications

are approximations. What is important is whether they way they are undertaken

affects the findings in important ways. The Smith-Kaoru results indicate that

greater efforts are needed in developing more robust specifications. Both

enhanced data and theory will be required to meet this need.

V. Recommendations for Data and Analytical Development

When compared with the effort and experience devoted to the conventional

topics considered under the auspices of the Conference on Income and Wealth,

the record of empirical analyses of public policies for the management of



5.29

environmental resources is quite limited. While there has been rapid progress

in the last two decades, our ability to deliver estimates of individuals’

values for a wide array of environmental resources and, a fortiori, for changes

in specific aspects of resource quality lags significantly behind the

expectations of current environmental statutes and the projected needs for

coming to grips with emerging policy issues. We have tried to describe the

sources of these demands and the clear interaction between the needs for

economic and non-economic information.

In what follows we propose to use three themes to organize our proposals

for new data developments in support of empirical research in environmental

economics: learning about natural systems, learning what we know, and

responding to emerging policies. As we noted at the outset, our objective is

to consider first generic problems extending over multiple problems that

require data and second, broad classes of environmental problems that seem

likely to be important policy issues in the near future. The policy

orientation is delibrate. Resources for addressing data and modeling needs

are scare, and we need to consider their net returns here just as in other

allocation decisions.

A. Learning About Natural Systems

As we have stressed at several points, analysis of the benefits (or

damages) of proposed or actual changes in the use of natural resources

inevitably depends on our abilities to trace the effect of the changed use

through to a change in the valuation by consumers of a resource service. This

implies that we must be able to:
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-characterize the current state of the relevant system(s);

-identify a mechanism by which the change in use affects the system;

-model how the change has affected (for ex post damage assessment) or

will affect (for ex ante regulatory analysis) the ambient quality of

the system in terms relevant to consumer valuation.

In many cases, our knowledge is deficient in every one of these

categories, For example, we have a lot of data on water quality but are

generally short of information that systematically covers all the water bodies

that our activities affect and that our regulations are designed to protect or

enhance. Further, the available information usually covers items relevant to

scientists' search for understanding of aquatic biological or chemical

processes rather than those that can be related to consumer valuation. Even

so, to a large extent, our abilities to model aquatic processes are inadequate.

The models often do not accept as inputs discharges or give as outputs

indicators of use or of resulting ambient quality relevant to policy evaluation

needs.

The great need here is for data gathering and model building efforts to

reflect the demands of policy analysis. Identifying the need is a great deal

easier than meeting it, for tea required interaction has all the difficulties

of interdisciplinary research plus those of interstate and interagency

jurisdictional disputes. Leadership from U.S. EPA and the Council of

Environmental Quality clearly is called for.
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B. Learning What We Know

Nearly a decade ago, in closing his overview of the state of the art in

benefit estimation, Freeman [1979] observed that economists could advise the

EPA administrator how to measure benefits from a particular pollution control

policy. All that was needed were the data and learning that accompany

implementation. The intervening decade has seen some positive investments in

both data collection and in empirical modeling. However, we cannot be overly

sanguine about what has been accomplished. For the most part, the efforts have

been very specialized -- relying on existing data on consumer behavior or

developing special purpose contingent valuation surveys to estimate how

individuals would value (or respond to) changes in very specific resources.

This process has made it clear that under currently shrinking budgets (or even

with modestly expanding resources), we cannot possibly estimate the values for

all the resources of current interest.

The notion of evaluating the conditions for transferring estimates from

one resource to another is a relatively new one. It has been an important part

of the practice of developing the information benefit-cost evaluations

involving non-marketed resources. Freeman [1984] distinguished top-down and

bottom-up transfers, where the former attempts to allocate an aggregate benefit

for a change in all of one type of resource (e.g., the share of the national

benefits from a water quality improvement attributed to one site), and the

latter refers to using micro-estimates for the household and a specific

resource in other contexts and aggregating. Naughton, Parsons and Desvousges

[1988] recently have considered the generic issues in performing benefit

transfers at the micro-level using the pulp and paper industry. Their results

suggest that a tranfer-based strategy for policy analyses is desirable but may
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require restructuring the design of future benefit estimation studies for

environmental resources.

Another possibility proposed by Mitchell and Carson [1986] involves using

survey methods to obtain estimates for national improvements in an

environmental resource from individual households. These estimates would then

be attributed to individual areas based on the amount of the resources present

in the area. The example these authors used involved water quality

improvements, and comparison of their approach with the results from a separate

contingent valuation indicated a fairly close correspondence between the

estimates derived from a specific survey and those from their national survey

adjusted with their proposed proportioning method. At this stage, however, the

literature is very preliminary. There has been no attempt to develop how the

tasks invovled in deriving transferrable models are related to the factors

(i.e., household and resource characteristics) affecting the variation in

benefit estimates across resources and user groups.

First, we must learn what we know from experiences to date; and then we

must proceed to identify what we need to learn. There is a long tradition in

resource economics involving attempts to develop consensus practices in

benefit-cost analysis and even specifying benchmark valuation estimates for

resource services most closely aligned with water resource projects. These

attempts were traditionally associated with the Water Resources Council. Our

suggestion here is that we should extend these efforts to the valuation

estimates for all environmental resources and thereby move beyond a judgment-

based, single value for each type of resource service.

By treating the existing set of estimates for changes in the quantities or

qualities of environmental resources, it is possible to develop a systematic



5.33

appraisal of whether the state of the art has advanced to the point where we

can associate variations in estimates with differences in the procedures used

or with features of the resources (or consumers) involved. This process should

identify the areas with greatest uncertainty.

The experience with the Smith-Kaoru pilot study of travel cost demand

studies suggests that a more systematic approach, contacting authors to fill in

missing details, is essential if a reasonably adequate database is to be

developed in areas in which there has been less research activity. Such

efforts would also promote the development of statistical methods for dealing

with the unique features of

studies.

C. Emerging Policy Needs

We have classified our

"panel" data sets composed from existing empirical

views of the emerging policy needs into four

categories and consider each in turn.

1. Environmental Risk

This is one of the most difficult areas for current uses of economic

analysis, especially because it appears that individuals' responses to a wide

range of environmental risks do not conform to our conventional

characterization of rational behavior. A recent EPA publication (see U.S.

Environmental Protection Agency [1987a]) has highlighted just how dramatically

inconsistent are public concerns and the rankings of environmental risks based

on expert opinion (U.S. EPA [1987b]). A comprehensive program of data

acquisition and research is needed to determine how and why households value
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reduct ions  in  these  types  o f  r i sks  more  h ighly  than other  sources  that  o f ten

h a v e  g r e a t e r  l i k e l i h o o d s  o f  s e r i o u s  e f f e c t s .

This  type  o f  analys is  wi l l  be  important  to  the  des ign  o f  in format ion

programs associated with pollutants EPA does not currently regulate,  such as

radon, and to the development of  labeling standards for products for which they

do  have  respons ib i l i ty . I t  i s  a l s o  l i k e l y  t o  p l a y  a  c e n t r a l  r o l e  i n  d e f i n i n g

"c lean"  for  Super fund s i tes , i n  e s t a b l i s h i n g  p r i o r i t i e s  f o r  p o l i c y  i n i t i a t i v e s

involving monitoring the underground storage tanks, and in devising new

policies associated with more stringent drinking water standards.

2. A i r  Q u a l i t y

Acid  depos i t ion  i s  hardly  "emerging"  as  an  i ssue ;  rather  the  reverse . But

that is not because the scientif ic  questions have been answered and the

problems so lved . I n d e e d ,  t h e r e  i s  s t i l l  d e b a t e  i n  t h e  s c i e n t i f i c  l i t e r a t u r e

over  the  re lat ive  contr ibut ion  o f  d i f ferent  compounds  and  source  locat ions  to

observed low pH precipitation fog .  and  dry  ac id ic  depos i t ion .  Under  these

c ircumstances , benef i t  es t imat ion  l inked  to  a  d ischarge-reduct ion  po l i cy  cannot

proceed  to  meaningful  resul ts . So  a  c lear  need  i s  for  further  research  into

long-run atmospheric transport and chemical transformation processes,  with the

ul t imate  a im o f  a l lowing  predic t ions  o f  the  form: If  we reduce sulfur dioxide

(S02)  d ischarges  in  th is  reg ion  by  th is  much, average pH of precipitation in

this  o ther  reg ion  wi l l  increase  by  th is  much.

Even then  we  shal l  s t i l l  be  severa l  s teps  f rom success fu l  benef i t

est imat ion  for  a  po l i cy  o f  SO
2

reduct ion . It  must be possible to extend

predictive natural system models to such issues as the l ink between average

a n n u a l  ( o r  s e a s o n - s p e c i f i c )  p r e c i p i t a t i o n , pH,  and  so i l  qual i ty  to  vegetat ion
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health and growth, and to  aquat ic  eco log ica l  system funct ions . For  example ,  i f

we reduce SO2 discharge in the Middle West, will New England and New York lakes

and ponds have better f ish populations (more and larger f ish of  more highly

v a l u e d  s p e c i e s ) ?

Only  with  those  too ls  in  hand wi l l  i t  be  poss ib le  for  economists  to

produce  meaningfu l  benef i t  es t imates  for  the  sorts  o f  po l i c ies  that  are

regularly debated in the Congress. To prepare for that day, the problems of

benefit  (or damage) function transfer must be addressed in this problem

s e t t i n g . In  part icular , i t  i s  necessary  to  cons ider  how best  to  use  the

results of  national studies on the one hand (e.g. ,  Vaughan and Russell  [1982]

a n d  l o c a l  s t u d i e s  o n  t h e  o t h e r  ( e . g . , Smith and Desvousges [1986]) to value

r e g i o n a l  e f f e c t s .

A second air quality issue with even larger potential economic

impl i cat ions  i s  ground- leve l  ozone  and part i cu lar ly  the  va lue  o f  t ry ing  to

attain the currently mandated National Ambient Air Quality Standards for that

secondary  po l lutant . 17
Here it  is  necessary to improve our knowledge of :

- the  sources  and  actual  l eve ls  o f  the  precursor  po l lutants  (espec ia l ly

volatile organic compounds (VOCS)),  of  ground level ozone in urban and

rural  areas ;

- t h e  m o r b i d i t y  e f f e c t s  o f  d i f f e r e n t  l e v e l s  o f  o z o n e :

- the  e f fec ts  o f  ozone  on  vegetat ion  and  a  var ie ty  o f  mater ia ls  such  as

p a i n t s ,  p l a s t i c s , and synthetic rubbers.

Our estimates of  the damages attributable to days of  sickness of  various types

and sever i t ies  must  be  re f ined . Moreover, theoret i ca l ly  cons is tent  but

practically implementable ways of  measuring the value of  damage to materials

prov id ing  serv ices  to  households , businesses and governments must be developed.
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3. Water Quality

One o f  the  key  po l i cy  in i t iat ives  in  water  qual i ty  wi l l  be  assoc iated  with

the national estuarine program. For point sources of  waterborne pollution, the

f i r s t  r o u n d  o f  e f f l u e n t  g u i d e l i n e s  w i l l  b e  i n  p l a c e  w i t h  o v e r  t h i r t y

regulations promulgated. Al l  should  be  in  p lace  by  the  ear ly  1990s .  The

future  here  i s  best  character ized  as  one  requir ing  extens ions  in  the  ab i l i ty  o f

economic  va luat ion  to  rea l ize  greater  degrees  o f  reso lut ion  in  va lu ing  smal l

changes  in  po l lutants .

Present methods and data would not permit such evaluations. Clearly an

improved understanding of  the l inkage between the technical dimensions of  water

qual i ty  and  indiv iduals '  percept ions  o f  and  corresponding  va luat ions  for  that

qual i ty  wi l l  be  necessary .

Non-po int  sources ,  espec ia l ly  agr icu l tura l  runof f  o f  pest i c ides  and

f e r t i l i z e r s  t o  s u r f a c e  w a t e r s , represent the largest unregulated source of

water  po l lutants . Presently,  EPA does not have authority to regulate these

s o u r c e s . However, recent  opportuni t ies  to  coord inate  the  se lec t ion  o f  areas

for the Department of  Agriculture's Conservation Reserve Program, based on the

e f fec ts  o f  po l lutants  on  water  resources , expose a new area for economic

v a l u a t i o n . Can we  we  set  pr ior i t ies  for  the  se lec t ion  o f  lands  for  inc lus ion

in  th is  system based  on  the ir  contr ibut ions  to  non-po int  source  po l lut ion?  To

answer this question we need both economic and non-economic data. Agr icul ture

has been will ing to pay premia over normal reserve payments for withholding

lands that might otherwise contribute to impairing significant environmental

r e s o u r c e s .
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4 . Stock Pollutants and Global Climate Change

This  last  area  i s  fundamental ly  d i f ferent  than the  f i rs t  three  emerging

issues we discussed in that the policy time horizon is long-term and extends

over  severa l  decades . While not a new issue (Revelle [1985] has suggested it

was  ident i f i ed  over  100  years  ago ) , it  has achieved a more prominent role on

the  po l i cy  agenda with  the  Global  Cl imate  Protect ion  Act  o f  1987 .  This

leg is lat ion  ass igns  EPA the  respons ib i l i ty  o f  summariz ing  the  sc ient i f i c

understanding  o f  the  greenhouse  e f fec t  ( i . e . the  ro le  o f  the  accumulat ion  o f

carbon  d iox ide , chlorofluorocarbons, methane, and other trace gases in the

upper atmosphere in increasing average surface temperatures on earth) and in

enumerat ing  the  po l i c ies  avai lab le  for  s tab i l i z ing  these  concentrat ions .

As in our other examples, a  key  need  in  th is  area  i s  for  greater

understanding of the natural system. In  th is  case  i t  i s  the  l ink  between these

atmospheric gases and the extent and timing of any global warming, as well  as

o f  the  impl i cat ions  o f  that  g lobal  warming  for  reg ional  weather  patterns . This

i s s u e raises some distinct methodological needs because of  the extent of

sc ient i f i c  uncerta inty  over  these  quest ions , the  t ime  hor izon  for  the  potent ia l

c l imat ic  changes , a n d  t h e  i r r e v e r s i b i l i t y  o f  t h e  p r o c e s s .

The requirements for economic information depend, in part,  on the progress

made in improving our understanding of the natural system. As this proceeds,

there is a clear need to understand the processes by which economic activities

adapt  and the  inst i tut ions  that  fac i l i tate  such  ad justment . Histor ica l  and

cross-cultural analyses may well  offer the only means for developing such

i n s i g h t s . Equally important, there is a fundamental need to describe the

inherent  uncerta int ies  in  a  way that  i s  genuinely  in format ive  for  po l i cy .

While not unique to this problem, this issue of communicating the inherent
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uncertainties remains one of the most significant problems facing economists

invo lved  in  environmental  po l i cy .

Finally,  in evaluating these data and modeling needs as compared with

o t h e r  d a t a  p r i o r i t i e s ,  i t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h a t  i n  c o n t r a s t  t o

positive uses of  economic analysis where a lack of  data may prevent decisions

from being made, th is  i s  not  the  case  in  normat ive  appl i cat ions .  Dec is ions  are

made regardless of  whether the economic information is available. In some.

cases they are very bad ones. Consequently, here new data developments

represent  opportuni t ies  to  improve  the  qual i ty  o f  dec is ions  and  the  resource

al locat ions  a f fec ted  by  them.
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CHAPTER 5

FOOTNOTES

1. To  say  that  the  analys is  i s  d i f f i cu l t  (and  expens ive )  i s  not  to  say  that  i t

i s  o f  dubious  va lue . The U.S. Environmental Protection Agency's (EPA)

rev iew (1987a)  o f  i t s  use  o f  benef i t - cost  analys is  conc ludes  that  for  three

regulatory  dec is ions , B-C analysis identified improvements with potential

b e n e f i t s  o f  o v e r  $ 1 0  b i l l i o n  ( l e a d  i n  a u t o m o t i v e  f u e l s ,  $ 6 . 7  b i l . ;  U s e d

l u b r i c a t i n g  o i l ,  $ 3 . 6  b i l . ;  and pre-manufacturing review of toxic

s u b s t a n c e s ,  $ . 0 4  b i l . ) . Further ,  EPA est imates  the  costs  o f  a l l  regulatory

impact analyses (RIAs) done under the terms of President Reagan's Executive

Order  12291  as  less  than $10  mi l l ion .  There fore ,  the  return  to  analyt i ca l

investment appears to be over 1000 to 1 in the aggregate.

Several  caut ions  are  in  order  in  interpret ing  th is  conc lus ion .  Most

fundamentally,  our argument in this paper,  i f  one accepts it ,  must

inevitably throw some doubt on these benefit  estimates.  Second, we cannot

n e c e s s a r i l y  p r o j e c t  s u c h  a  r e t u r n  r a t i o  i n  t h e  f u t u r e  b e c a u s e  i t  i s  l i k e l y

that  the  b iggest  and  eas iest  targets  have  a lready  been  at tacked .  And

f i n a l l y ,  w e  s h o u l d  i n c l u d e  a  g r a i n  o f  s a l t  b e c a u s e  t h e  s e l f - i n t e r e s t  o f

those  prepar ing  the  report  was  cons is tent  with  f inding  large  returns .

2 . This statutory requirement has not prevented benefit  cost information from

being included in the Regulatory Impact Analyses prepared for cases

involving the primary standards. The proposed standard subjected to

analys is  i s  heal th  based . I t  i s  too  ear ly  to  know whether  the  f ina l

standard that emerges after OMB review can be argued to have been affected

b y  t h e  b e n e f i t - c o s t  f i n d i n g s .
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3. L o c a t i o n  i s ,  o f  c o u r s e , three dimensional,  and altitude can make a big

di f ference  in  some s i tuat ions ; but the points we make are only reinforced

by considering a third dimension, while exposition is much simpler for two.

4 . This  last  po int  i s  s tressed  by  McGart land et  a l .  [1988] .  We shal l  return

t o  i t  b e l o w .

5. Our  d iscuss ion  assumes  that  the  regulat ions  in  quest ion  wi l l ,  in  fact ,  be

complied with. Making sure this is even roughly the case requires

investment in monitoring and enforcement. These costs should be counted as

c o s t s  o f  t h e  p o l i c y , and their amount and how they are used will help

determine  the  rea l ized  leve l  o f  benef i ts .  I t  i s  a lso  t rue  that  cho ices  open

in the design of implementation systems can affect monitoring and

enforcement  costs  and  thus  a lso  indirect ly  a f fec t  benef i ts  by  that  route .

We ignore these added complications, though they open up an entirely new

and largely unexplored source of  demand for data and analysis.

6 . Reasonably  s tra ight forward  theoret i ca l  expos i t ions  are  avai lab le  that

i n c l u d e  d i f f e r e n t i a l  l o c a t i o n . For example,  see F#rs*md [1972] and

Tietenberg [1978] and Siebert [1985].

7 . The matrix T may be thought of  as representing the steady-state solution to

a  s e t  o f  d i f f e r e n t i a l  e q u a t i o n s  t h a t  r e f l e c t s  t h e  t r a n s p o r t a t i o n  o f

po l lut ion  by  average  winds  character ized  by  ve loc i t ies  and  d irect ions ,  and

the diffusion of  the pollution particles due to random motion in the plums.

I f  the  uni ts  o f  d ischarge  are ,  say  (average)  tons  per  day ,  the  uni ts  o f  the

elements of  T could be (average) micrograms per cubic meter.

8 . For simplicity,  it  is assumed that the same damage relation applies at each

receptor  locat ion ,  though as  just  s tressed ,  we  would  expect  the  damages  for
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a  g iven  po l lutant  concentrat ion  to  d i f fer  across  the  var ious  po ints  in  the

reg ional  space .

9. Here we calculate (Q) on the basis of  DO and T, but for the argument that

f o l l o w s , i t  i s  important  to  note  that  base l ine  ambient  qual i ty  i s  actual ly

realized and therefore can be measured. Thus ,  there  i s  no  incons istency  in

assuming knowledge of (Q) and ignorance of T. As a practical matter,

however,  we may very well  be ignorant of  (Q) in any but loosest,  one might

say  anecdota l ,  sense . S e e ,  f o r  e x a m p l e ,  R u s s e l l ,  e t  a l .  [ 1 9 8 3 ] ,  T o  b e

usefu l ,  our  knowledge  o f  ambient  qual i ty  condi t ions  must  be  re f lec ted  in

measurements that are:

meaningful in terms of their l inks with or effects on human valuation of

environmental services,  and

connectable to pollution discharges that will  have to be changed to change

ambient quality.

We return  to  th is  matter  o f  base l ine  qual i ty  in  the  f inal  sect ion .

10. The actual patterns Of ambient quality produced by the roll-back

implementation method under the baseline and the alternative standards are:

( a )  i n d i c a t e s  a  q u a l i t y  l e v e l  n o t  r e f l e c t e d  a t  a l l  i n  b e n e f i t  c a l c u l a t i o n  ( 2 ) .
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11.

12.

It should be emphasized that there is no reason to expect a mathematically

d e s i r a b l e  - - or even smooth - -  pattern  for  marginal  benef i ts .  The  complex

relation among standard, discharge reduction amounts and location required

under a given implementation method, and resulting pattern of ambient quality

changes, can produce virtually any pattern of marginal benefits.

For  a  descr ipt ion  o f  e f for ts  to  use  natural  wor ld  models  in  water  qual i ty

benefit  estimation, although some of the threshold aspects of  the B(2) method

are stil l  used, sea Vaughan and Russell  [1982].

13. This section is based on research undertaken by Yoshiaki Kaoru and the second

author and is reported in more detail  in Smith and Kaoru [1988].

14. See Mitchell  and Carson [forthcoming] for an overview of the issues involved

in using these methods.

15. I t  i s  not  complete ly  new to  economics .  Berndt ' s  [1976]  ear ly  at tempt  to

reconc i le  the  d iverse  est imates  o f  e last i c i t ies  o f  subst i tut ion  between

c a p i t a l  a n d  l a b o r  i s  s i m i l a r  t o  o u r  o b j e c t i v e s . However,  in his case,  the

focus was on the assumption inherent in the estimation models and their

l ike ly  impl icat ions  for  the  est imates . Somewhat more closely aligned is the

Hazilla-Kopp [1986] summary of  their f indings on the sensitivity of  the

c h a r a c t e r i z a t i o n  o f  s u b s t i t u t i o n  p o s s i b i l i t i e s  a c r o s s  d i f f e r e n t  m o d e l i n g

decisions made with the 36 different manufacturing sectors they analyzed. In

this  case ,  the  analys is  para l le ls  what  we  propose ,  but  the ir  ob ject ive  was  to

summarize their own findings, rather  than detect  sources  o f  d i f ferences

across  s tudies  conducted  by  d i f ferent  indiv iduals .

16. Thanks are due to Tom Tietenberg for suggesting that we make this Point more

expl i c i t  based  on  h is  rev iew o f  an  ear l ier  dra f t  o f  th is  paper .
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17. Ozone is "secondary" because it  is formed in the atmosphere from chemical

react ions  invo lv ing  sunl ight  and certa in  "pr imary"  or  d ischarged  po l lutants ,

especially volatile organic compounds such as gasoline and solvents and

o x i d e s  o f  n i t r o g e n .
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Figure 1. SCHEMATIC DESCRIPTION OF ISSUES IN USING ECONOMIC ANALYSIS
FOR ENVIRONMENTAL POLICIES

Logica l  Structure  for  Analys is

Def in i t ion  o f  technology ,  d ischarge ,
or environmental quality standard by

type of  pollutant and media

Development of implementation plan
to meet standard

Change in eff luent loadings

POLLUTION DISCHARGES TO THE
ENVIRONMENT

Changes in one or more dimensions of
resources depend on the spatial  and

environmental resources

Change in ecological habitat and
nonhuman species

Change in human species

AMBIENT ENVIRONMENTAL QUALITY
CONDITIONS (SERVICE LEVELS)

Economic agents change their
patterns of  consumption of  other

re lated  goods  or  the ir  use  or
valuation of environmental resources

Rat ionale  for  the  Logica l  Structure

The inst i tut ional  s tructure  governing
the definition and implementation of
environmental policy is complex. As a
resul t  o f  mult ip le , overlapping statutes
defined by both environmental media
( e . g . : Clean Air and Clean Water Acts)
and the types of  residuals generated
( e . g . : Resource Conservation and
Recovery Act, Comprehensive
Environmental Response, Compensation and
L i a b i l i t y  A c t ,  e t c . ) ,  p o l i c i e s  m u s t  b e
responsive.  to multiple objectives.
Moreover,  they can involve the
def in i t ion  o f  s tandards  in  a  format
incons is tent  with  avai lab le
environmental data or in generic terms
that require considerable judgment to
implement,  enforce,  or evaluate.

The services of  environmental resources
are produced within a complex physical
system. T h e  e f f e c t s  o f  d i f f e r e n t
patterns and types of  uses of  these
temporal  aspects  o f  those  uses .  In
part i cu lar ,  the  pattern  o f  environmental
quality corresponding to a chosen
standard depends on the implementation
program to be used to attain the
standard.

The services of  environmental resources
exchange outside markets,  and therefore,
the information normally present from
market exchanges is not available.
Indeed ,  as  part  o f  the ir  ord inary
consumption choices individuals may not
have been required to consider changes
comparable to those envisioned in any
s p e c i f i c  p o l i c y  a n a l y s i s . Information
on the quality and character of  these
serv ices  can  be  qui te  technica l ,  invo lve
subtle measurement problems, and is
unlikely to be generated through the
informal processes individuals use to
learn about other commodities they
consume.
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TABLE 1. COMPONENTS OF ECONOMIC ANALYSIS IDENTIFIED 
EN EPA'S ENABLING LEGISLATIONa 

Economic 
Legislation/Regulation 

Clean Air Act 

Primary NAAQSb 
Secondary NAAQS 
Hazardous Air Pollutants 
New Source Performance 
Motor Vehicle Emissions 
Fuel Standards 
Aircraft Emissions 

Clean Water Act 

Private Treatment 
Public Treatment 

Safe Drinking Water Act 

Max. Contaminant Level 
Goals 

Max. Contaminant Levels 

Toxic Substances Act 

x 

x 

x 

Resource Conservation 
and Recovery Act 

CERCLA (SARA) 

Reportable Quantities 
National Contingency 

Benefits Costs Impacts 

Human Otherc Cost 
Health Effects Welfared Compliance Effective 

** ** 

x x 

x 

x x 
x 

x 
* x * ** 

x x x x 
x x x x 
x x x x 

f *** x x x 
f 

x 

Federal Insecticide. Fungi 
cide and Rodenticide Act 

x 

x 

x 

x 

x 

x 

x x 

x 

Data Requirements 
Minor Uses x x 

x 
x x x 
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Table 1.  Continued

Economic
Legis lat ion /Regulat ion

Atomic Energy Act
Radioactive Waste
Uranium Mill  Tailings

a .

b .

c .

d .

e .

f .

*

* *

* * *

Benefits Costs Impacts

Human O t h e r c Cost
H e a l t h  E f f e c t s  W e l f a r e d  C o m p l i a n c e  E f f e c t i v e

x x x
x x x x x x

Source: Adapted from EPA's Use of Benefit Cost Analysis. 19 81-1986, Table

3 - 1 ,  p .  3 - 2 .

NAAQS designates the National Ambient Air Quality Standards and relates to

t h e  c r i t e r i a  a i r  p o l l u t a n t s .

"Other  e f fec ts " refer to non-health effects on humans and firms.

"Wel fare  e f fec ts "  re fer  to  v is ib i l i ty  and  aesthet i cs ,  e f fec ts  on  nonhuman

s p e c i e s ,  c r o p s , sodding, materials damage.

The type of  analysis here depends on the grounds for control

There is some question about whether any benefit information may be

cons idered . One  schoo l  o f  thought  i s  that  nat ional  aggregate  benef i t

est imates  might  be  a l lowed into  th is  process . Such estimates would here

re f lec t  espec ia l ly  recreat ion  as  a  pathway for  accrual  o f  benef i ts  to

s o c i e t y .

Includes non-air-quality health and environmental impacts.

S t a t u t e  r e f e r s  o n l y  t o  c o s t

Includes non-water-quality environmental impacts only.
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TABLE 2. AVERAGE EMISSION REDUCTIONS OF VOLATILE
ORGANIC COMPOUNDS PREDICTED TO BE REQUIRED

TO MEET OZONE NAAQS IN SELECTED OHIO CITIES

City
Technique

Technique 1a Technique 2b Se lec ted

Cleveland 87% 50% 1

Akron 35% 18% 2

Toledo 47% 25% 2

Columbus 43% 25% 2

Canton 22% 10% 2

Youngstown 64% 44% 2

Dayton 61% 40% 2

Cinc innat i 40% 50% 1

a.
b .

Known as "EKHA."
Known as "Rollback."

Source: Adapted from Pacific Environmental Services,  Study of the 1979

State Implementation Plan Submittals (Elmhurst,  IL: Report prepared for

U.S. National Commissioner on Air Quality,  December 1980),  pp. 7-12, and

published in Richard Liroff ,  1986 Reforming Air Pollution Regulation

(Washington, DC: The Conservation Foundation).
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TABLE 3. AGGREGATE AND MARGINAL BENEFITS:
THE TWO SOURCE-THREE RECEPTOR EXAMPLE

A g g r e g a t e  T o t a l A g g r e g a t e  M a r g i n a l
B e n e f i t s  b y  S t d . B e n e f i t s  b y  S t d .

8 6  4  2  8  6  4  2

B1 A v e r a g e  i n i t i a l  r e g i o n a l 0 8 4 144
c o n c e p t  o f  q u a l i t y
r e l a t i v e  t o  s t a n d a r d

B2 A c t u a l  i n i t i a l  q u a l i t y 36  92 152
r e l a t i v e  t o  s t a n d a r d

B3 A c t u a l  i n i t i a l  q u a l i t y 72 128 168
r e l a t i v e  t o  a c t u a l
q u a l i t y  a s  d e t e r m i n e d
f o r  r o l l - b a c k  i m p l e m e n -
t a t i o n

180 0 42 30 18

188 18  28 30 18

192 36  28  20 12
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TABLE 4. SURROGATE BENEFITS OF REDUCTIONS IN TOTAL SUSPENDED PARTICULATES
FOR BALTIMORE BY LEVEL OF IGNORANCE AND STANDARD (MILLION PER YEAR)

3
Level of  Standard (ug/m )

115 1 1 0 105 100 9 5 90 85

Method 1
T o t a l

Method 1
(modi f i ed )

a

T o t a l
Marginal

Method 2
T o t a l
Marginal

Method 3
T o t a l
Marginal

McGart land,  e t  a l .
Marginal Benefits
(mill ions;  of  1980
d o l l a r s )

0 0 0 0 0 0 0

12.3 23 .6 34.5 4 5 . 2 55 .1 64 .5 73.6
12.3 11.3 10.9 10 .7 9 .9 9 . 4 9 . 1

2 . 6 6 . 0 9 . 7 15 .4 21 .2 28.2 35.2
2 . 6 3 . 4 3 . 7 5 . 7 5 . 8 7 . 0 7 . 0

7 . 7
7 . 7

7 . 2

19.7
12.0

12.9

27 .7 34.9 46 .2
8 . 0 7 . 2 11 .3

59.1
12.9

15 .1

73.7
14 .6

9 . 1 8 . 5 13 .2 16 .4

Source: See Appendix A for a description of  the data and method.

a  The  modi f i cat ion  cons is ts  o f  compar ing  in i t ia l  average  concentrat ion  to  pro jected

average concentrations for each standard, where the projection depended on the

percentage change in the standard.
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TABLE 5. SURROGATE BENEFITS OF IMPROVEMENTS IN WATER QUALITY IN THE
DELAWARE ESTUARY BY LEVEL OF IGNORANCE OF STANDARD

Water Quality Standard
(ppm of dissolved oxygen)

3 . 5 5 .0

Method 1
T o t a l
Marginal

0 420.2
0 420.2

Method 2
T o t a l
Marginal

184.5 510.6
184.5 326.1

Method 3
T o t a l
Marginal

372.7 581.4
372.7 208.7
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TABLE 6. MARGINAL BENEFITS OF REDUCTIONS IN TOTAL SUSPENDED
PARTICULATES FOR BALTIMORE BY IMPLEMENTATION METHOD AND STANDARD

(MILLIONS OF 1980 DOLLARS)

Implementation
Method

Level of Standard (ug/m
3 )

115 110 105 100 95 90 85

Command and Contro l 2 . 2 10 .5 9 . 7 11 .5 7 . 5 10 .0 6 . 5

Least  Cost 7 . 2 12 .9 9 . 0 8 . 5 13.2 15 .1 16 .4

Source : McGart land et  a l .  [1988] ,  Table  1 .
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Name

TABLE 7: DESCRIPTION OF VARIABLES FOR ANALYSIS

D e f i n i t i o n  o f  V a r i a b l e s

RCS

Surtype

Recreat ion  S i te
Var iab le

Subst i tute  Pr ice

Opportunity Cost
type #1

Opportunity Cost
type #2

Fract ion  o f  wage

S p e c i f i c  S i t e

Demand
S p e c i f i c a t i o n s

Estimators Used

Marshallian consumer surplus estimated per unit of  use,  as
measured  by  each  s tudy  ( i . e . ,  per  day  or  per  t r ip )  de f lated  by
consumer price index (base -  1967)

Qual i tat ive  var iab le  for  measure  o f  s i te  use  -  1  for  per  t r ip
measure, 0 for per day measure

Lake, River,  Coastal area of Wetlands, Forest or Mountain
area, Developed or state park, National park with or without
wi lderness  s igni f i cance  are  the  des ignat ions ,  Var iables  are  uni ty
i f  sat is fy ing  des ignat ion ,  0  o therwise

Qual i tat ive  Var iable  -  1  i f  subst i tute  pr i ce  term was  inc luded  in
the demand specification, 0 otherwise

Qualitative Variable for Measure used to estimate
opportunity cost of  travel time -  1 i f  an average wage rate was
used

Qual i tat ive  Var iab le  for  the  second  type  o f  opportuni ty
costs of  travel time measure,  -  1 income per hour used (omitted
category was predicted individual specific  wage)

f ract ion  o f  wage  rate  used  to  es t imate  opportuni ty  cost  o f  t rave l
time

Qual i tat ive  Var iab le  for  we  o f  a  s tate  or  reg ional  Trave l  Cost
model  &scr ib ing  demand for  a  set  o f  s i tes  -  1 ,  0  o therwise

l inear ,  l og - l inear  and  semi - log  (dep)  are  qual i tat ive
var iab les  descr ib ing  the  spec i f i cat ion  o f  funct ional  form for
demand (semi-log in logs of  independent variables was the omitted
category) .

OLS, GLS, and ML-TRUNC are qualitative variables for estimators
used ,  omit ted  categor ies  correspond to  est imators  wi th  l imited
representation in studies including the simultaneous equation
estimators.
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TABLE 8: A COMPARISON OF TRAVEL COST DEMAND RESULTS
BY TYPE OF RESOURCE

Type
o f
Resource

Real
Consumer Surplusa

Number of
Estimates Mean Range PIb YEARSc

RIVER 257 $17.05 $ .29  -  $120 .70 .61 1966 - 1983

LAKE 483 $16.85 $ .09  -  $219 .80 .55 1968 - 1983

FORESTS 114 $31.36 $ .80  -  $129 .90 .59 1968 - 1984

NATIONAL 12 $44.01 $23.48 - $120.70 .50 1980 - 1983
PARKS

WETLANDS 9 $45.86 $17.45 - $120.70 .78 1980 - 1983

STATE
PARKS

107 $42.49 $ .67 - $327.20 .07 1972 - 1983

COASTAL
AREAS

28 $35.49 $ .67  -  $160 .80 .61 1972 - 1984

a . Real consumer surplus deflator the nominal estimates by the consumer price index

(base 1967)

b . This  var iab le  des ignates  the  proport ion  o f  the  s tudies  based  on  samples  o f

indiv idual  recreat ionis ts '  t r ip - taking  dec is ions  compared  with  or ig in  zone

aggregate  rates  o f  use .

c .  The  range  o f  years  in  which  the  data  used  in  these  s tudies  were  co l lec ted .  Thus ,

th is  var iab le  des ignates  the  range  o f  years  across  the  s tudies  in  each  category  in

which behavior was observed.

Source : Smith and Kaoru [1988]



5.54

TABLE 9: THE DETERMINANTS OF REAL CONSUMER SURPLUS PER UNIT OF USE

Independent
Variables

Models

1 2 3 4 5

I n t e r c e p t

Surtype

Type  o f  S i te  (XS)

Lake

R i v e r

F o r e s t

State Park

National Park

Model Assumption

Subst i tute  Pr ice

Opportunity Cost
Type #1

Opportunity Cost
Type #2

23.72
(5 .62)

7.99
(2 .76)

-11 .70
( - 3 . 1 8 )

-5 .57
( - 1 . 9 3 )

- . 4 5
( - 0 . 9 3 )

19.93
(4 .44)

2 . 5 4
(0 .20)

(XA)

o f

o f

16.07 20.30 27.03
(2 .08) ( 6 . 1 9 ) (3 .68)

[3 .92] [3 .64]

-4 .13 - 9 . 9 7 15.38
( - 1 . 4 5 ) ( - 2 . 7 2 ) (2 .37)

[ - 1 . 3 6 ] [2 .34]

-18.69 -20.32
( - 3 . 2 4 ) ( - 3 . 5 2 )
[ - 2 . 3 6 ] [ -2 .48 ]

-14-29
( - 2 . 9 9 )
[ - 1 . 9 5 ]

-19.03
( - 2 . 1 9 )
[ -1 .75 ]

-18 .45
( - 2 . 3 6 )
[ - 1 . 9 3 ]

-25.99
( - 3 . 0 1 )
[ -2 .49 ]

24.95
( 3 . 4 7 )
[3 .27]

22.37
(3 .44)
[3 .19]

.56
( 0 . 0 4 )
[0 .08]

-3 .77
( - 0 . 2 3 )
[ - 0 . 1 3 ]

-18 .73
( - 3 . 2 7 )
[ - 4 . 5 8 ]

-14 .97
( - 2 . 1 0 )
[ - 2 . 0 9 ]

3 .95
( 1 . 0 2 )
[0 .45]

18.75
(0 .58)
[1.04]

19.88
(3 .74)
[3 .55]

-13.71
( - 2 . 1 2 )
[ - 1 . 8 0 ]

-16.49
( - 2 . 1 1 )
[ - 2 . 4 8 ]

-15.86
( - 3 . 3 0 )
[ -2 .87 ]
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TABLE 9 (continued)

Models
Independent
Var iab les 1 2 3 4 5

Fraction of Wage 37.24 48.59
(8 .56) (9 .76)
[3 .83] [6.94]

S p e c i f i c  S i t e / R e g i o n a l
TC Model

M o d e l  S p e c i f i c a t i o n (XD)

Linear

Log-Linear

Semi-Log (Dep)

Est imator (XE)

OLS

GLS

ML-Trunc

R²

2 .35
(0 .31)

14.63
(1 .89)

11.26
(1 .52)

.11 .15 . 4 2

n 722 722

22.23 24.21
(4 .10) (3 .85)
[3 .35] [2 .77]

.03 .25

-2 .87
( - 0 . 2 7 )
[ - 0 . 3 1 ]

23.37
(2 .37)
[2 .88]

16.89
(1 .86)
[2 .97]

-14 .45
( - 0 . 4 8 )
[ - 0 . 8 4 ]

-8 .58
( - 0 . 2 8 )
[ - 0 . 5 4 ]

-67.38
( - 2 . 1 5 )
[ - 3 . 4 3 ]

3 9 9 399 399

a. The numbers in parentheses below the estimated parameters are the ratios

o f  the  coe f f i c ients  to  the ir  est imated  s tandard  errors .  The  numbers  in
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brackets are the Newey-West [1987] variant of  the White [1980] consistent

covar iance  est imates  for  the  s tandard  errors  in  ca lculat ing  these  rat ios .

Source: Smith and Kaoru [1988]
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APPENDIX A

CALCULATING SURROGATE BENEFITS BASED ON THE
BALTIMORE AND DELAWARE RIVER ENVIRONMENTAL QUALITY PROJECTIONS

Air  Qual i ty  Surrogate  Benef i ts

McGartland et al .  [1988] reproduce their atmospheric model 's  projected

patterns  o f  to ta l  suspended  part i cu late  concentrat ions  for  23  receptor

locations in Baltimore for two alternative implementation approaches.  We used

and reproduce their Table 2 here as Table 1-A. (We ignore  the ir  resul ts  for  83

micrograms/m3,  ug/m3.) We fo l low them in  taking  the  pattern  assoc iated  with

the 120 ug

/m
3

standard as our base situation.

While McGartland et al .  describe the basis for their damage, and hence

benef i t  es t imates ,  they  d id  not  prov ide  the  funct ions  they  used .  However ,  i t

turns  out  that  a  surrogate  funct ion  that  reproduces  the  pattern  o f  the ir

marginal  benef i ts  i s  easy  to  f ind . We used a simple quadratic damage

surrogate . T h a t  i s :

Benef i ts  o f  increas ingly  s tr i c t  s tandards  are  then s imply :
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We reproduce here, as Table 2-A, a sample calculation of  the damages and

b e n e f i t s  f o r  s i x  r e c e p t o r  l o c a t i o n s , one standard, and three methods.

Inspection of  Table 1-A reveals immediately that Method 1 yields an estimate of

z e r o  b e n e f i t s  f o r  a l l  s t a n d a r d s , s i n c e  t h e  i n i t i a l  a v e r a g e  q u a l i t y  i s  a l r e a d y

better  than the  s tr i c test  s tandard  to  be  examined .
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TABLE 1-A. TSP CONCENTRATIONS BY RECEPTOR 

LEAST-COST CASE 

Receptor 
Location -120- -115- -110- -105- -100- -95- -90- -85- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

67.8 
64.6 
56.2 
85.4 
94.3 

107.2 
116.3 

93.3 
119.7 

52.4 
80.2 

102.8 
61.6 
53.3 

120.0 
56.4 
72.4 
84.9 
51.6 
67.3 

64.0 
64.6 

105.3 

67.4 66.2 66.0 
63.7 62.2 61.8 
56.0 55.5 55.5 
83.9 81.2 78.7 
92.5 89.0 86.2 

102.6 99.7 97.9b 
113.8b 107.8b 104.3b 

88.7 86.1 84.4 
115.3b 110.4b 105.5b 

51.6 49.1 47.5 
78.4 77.4 72.0 

101.1 91.9 88.6 
60.8 58.9 57.5 

52.8 51.8 51.2 
114.9b 110.4b 101.0b 

56.4 55.3 55.1 
69.9 66.5 65.1 
84.0 74.9 74.2 
51.4 50.8 50.5 
65.1 64.4 63.3 
63.6 61.2 60.8 
64.3 62.0 61.8 

102.8 98.9 97.7b 

65.3 63.7 61.6 59.3 
60.9 58.7 55.5 51.7 
55.3 54.6 53.7 52.5 
76.8 73.7 70.3 68.1b 
83.8 80.5 76.9b 73.5b 
95.0b 90.7b 85.7b 80.8b 

100.0b 95.5b 90.0b 85.0b 
81.6 75.6 69.9b 63.5b 

100.0b 95.2b 89.5b 84.7b 
46.0 43.4 40.9 38.2 
70.1 68.8 65.7 63.5 
84.3b 79.7b 74.5b 69.2b 
56.0 53.9 51.4 49.2 
50.6 49.4 48.1 46.4 
99.6b 93.0b 79.5b 53.3b 
54.3 52.9 52.2 50.9 
63.5 59.4 53.1 43.3 
73.0 66.4 62.5 55.9 
50.1 49.3 48.3 47.3 
62.1 60.0 57.5 54.4 
60.0 57.1 55.0 52.0 
59.7 56.5 55.4 53.1 
95.1b 90.4b 83.8b 74.1b 

UNWEIGHTED AVERAGES RECEPTOR TSP LEVELS 

80.1 78.3 75.3 73.3 71.4 68.2 64.4 59.6 

POPULATION-WEIGHTED AVERAGES OF RECEPTOR TSP LEVELS 

77.4 75.7 72.9 70.9 69.0 66.2 62.9 59.3 

b 
Indicates a concentration reflected in the calculation of benefits using Method 
2. 

Source : McGartland, et al. 1988 
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TABLE 2-A. EXAMPLES OF SURROGATE DAMAGE AND BENEFIT CALCULATIONS BY METHOD

Method 1 (modified) M e t h o d Method 2

Damages at Damages Damages Damages
R e c e p t o r  B a s e  L e v e l at 110 Benef i t s at 110 Benef i t s at 110 Benef i t s

2 4 . 2 4 . 2 0 3 .9 0 . 3

7 13 .5 1 2 . 1 1 . 4 11.6 1 .9

10 2 . 7 2 . 7 0 2 . 4 0 . 3

12 10.6 10 .6 0 8 . 4 2 . 2

15 14.4 1 2 . 1 2 . 3 12 .1 2 .3

18 7 . 2 7 . 2 0 5.6 1 . 6

For  average  leve l

6 . 4 5 . 4 1.03
x 23

T o t a l 23 .6 6 . 0 19.7

Marginal 11 .4 3 . 4 12.0

For Modified Method 1, base average surrogate damages - damages at the base average

concentration, 80.1.  Damages at the 110 standard -  damages calculated for an average

concentrat ion  o f  80 .1  x  110 /120  -  73 .4 . Total damages for every standard are

obtained by multiplying the damage associated with the average by 23 (receptors).
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Water Quality Benefits

Water quality benefits are based on predicted water quality improvements in

the  Delaware  estuary  publ ished  in  Spof ford  e t  a l .  [1976] .  The  qual i ty  indicator

used is dissolved oxygen (DO) and the base levels are interpolated from their

Figure 2 reproduced here as Figure 1-A. Improvements associated with alternative

standards are taken from Table C-3 in the source. Their run using a 3.0 ppm

standard is used here as a surrogate for a 3.5 ppm standard because in all  but

one reach better than 3.5 ppm is attained under it . The predicted levels of  DO

for that standard and for a fun with a 5.0 ppm standard are set out in Table 3-A.

The implementation plan implicit  in these runs is the least cost arrangement of

d ischarge  reduct ions .

To  ca lcu late  benef i ts ,  d isso lved  oxygen i s  t rans lated  into  susta inable

recreation activities using the table of  equivalents developed by Vaughan [1981]

and displayed here schematically as Figure 2-A. Then the three alternative

methods of  benefit  calculation were applied as summarized in Table 4-A, where the

per  capi ta  per  day  va lues  o f  the  a l ternat ive  susta inable  act iv i ty  measures  o f

quality are drawn from (Smith and Desvousges [1986]) .

What we have not done is to associate numbers of  people with particular

receptor  locat ions  a long  the  r iver . ( " R e c e p t o r  l o c a t i o n "  i s  u s u a l l y  c a l l e d

"reach"  in  the  water  po l lut ion  f ie ld . It means a stretchof river within which

ambient quality is assumed the same.) T h i s  i s  d i f f i c u l t  t o  d o  i n  a n y  c a s e

without a study to measure the recreational suitability as determined by non-

w a t e r  q u a l i t y  c h a r a c t e r i s t i c s . But  i t  i s  even  more  d i f f i cu l t  to  do  wi th in  a

massive urbanized agglomeration such as that from Wilmington, Delaware, to

Trenton, New Jersey, that surrounds the Delaware Estuary. The figures in Table 5
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are  there fore  s imply  the  sums o f  the  re levant  per  capi ta  benef i ts  over  a l l  the

reaches . These figures exaggerate the penalty for ignorance of  the environment

to  the  extent  that  more  indiv iduals  could  eas i ly  t rave l  to  and  recreate  on  the

middle reaches. These are the most heavily polluted, and therefore benefits

associated with their cleanup show up in Methods 1 and 2,  while any benefits

associated with further cleanup of the most upstream and most downstream reaches

tend to be ignored in those methods.

Note that the use of  Vaughan's equivalence in essence begs an important

quest ion : Do we have an environmental quality indicator that is connectable both

to discharges and to valued human uses of the environment? Dissolved oxygen is

only  one  o f  the  e lements  o f  a  vector  o f  water  qual i ty  character is t i cs  that

determine how a body of water can be used. It may be the key element for f ish

populations but is certainly much less important in determining whether water is

"boatable"  ( that  i s  to  say ,  p leasant  to  boat  on)  or  swimmable  (where  bacter ia l

counts are turbidity are much more important).
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TABLE 3-A. BASE CASE AND PREDICTED LEVELS OF DISSOLVED OXYGEN:
TWO ALTERNATIVE STANDARDS APPLIED TO THE DELAWARE ESTUARY (PPM)

Base 3.5 ppm 5.0 ppm
Reach Situat ion Standard Standard

1 8 .3 8 . 6 8 .6
2 7 . 0 7 . 7 7 .7
3 5 . 6 6 . 6 6 .9
4 4 . 9 6 . 0 6 .3
5 4 . 6 5 . 7 5 . 9

6 4 . 4 5 . 9 6 . 0
7 3 .8 5 . 9 5 .9
8 2 . 7 5 . 8 5 . 9
9 1 . 8 6 . 1 6 . 4

10 1.3 5 . 3 6 . 8

11 1 . 2 3 . 6 5 . 3
12 1 . 2 3 . 7 6 . 1
13 1 . 3 3 . 6 5 . 7
14 1 . 5 4 . 0 5 . 7
15 1 . 8 4 . 5 6 . 1

16 2 . 3 5 . 2 6 . 4
17 2 . 8 3.0a 5 . 0
18 3 . 5 3 . 7 5 . 1
19 4 . 2 4 . 8 5 . 7
20 5 . 0 5 . 8 6 . 1

21 5 . 8 6 . 2 6 . 2
22 6 . 6 6 . 6 6 . 6

Average 3 . 7 Standard 3.5 Standard 5.0

Source : W.  O.  Spof ford ,  Jr . , C .  S .  Russe l l ,  and  R.  A .  Kel ley ,  1976 ,

.Environmental Quality Management: An Application to the Lower Delaware Valley

(Washington, DC: Resources for the Future).

a
The standard actually imposed by Vaughan et al .  was 3.0 ppm. But 3.5 is a

lower bound for boatable quality qwater in the Vaughan scale,  so we treat

this run as though the standard were 3.5 for purposes of Method 2

c a l c u l a t i o n s .
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TABLE 4-A. CALCULATING SURROGATE BENEFITS FOR DISSOLVED OXYGEN 
IMPROVEMENTS IN THE DELAWARE ESTUARY BY METHOD 

Method 1 

Base Case Average: 3.7 ppm (B) 
3.5 ppm Standard 3.5 ppm (B) Benefit - 0 x 22 - 0 
5.0 ppm Standard 5.0 ppm (G) Benefit - $19.1 x 22 - 420.6 

------------------------------------------------------------------------------------- 

Marginal Benefits Marginal Benefits 
Methods 2 and 3 Method 2 Method 3 

Base Case 
Reach Sustainable Use 3.5 Standard 5.0 Standard 3.5 Standard 5.0 Standard 

1 
2 
3 
4 
5 

S 
S 
G 
B 
B 

B 
B 
U 
U 
U 

U 
U 
U 
U 
U 

G (19.1) 
G (19.1) 

S (35.4) 
G (19.1) 
G (19.1) 

6 
7 
8 
9 

10 

G (19.1) G (19.1) 
G (19.1) G (19.1) 
G (19.1) G (39.6) 
G (19.1) G (39.6) 
G (19.1) G (39.6) 

B (20.5) 
B (20.5) 
B (20.5) S (35.4) 

11 
12 
13 

14 
15 

B (20.5) G (19.1) 
B (20.5) G (19.1) 
B (20.5) G (19.1) 
B (20.5) G (19.1) 
B (20.5) G (19.1) 

G (19.1) 
G (39.6) 
G (19.1) 
G (19.1) 

B (20.5) G (19.1) 
B (20.5) G (19.1) 
B (20.5) G (19.1) 
B (20.5) G (19.1) 
B (20.5) G (19.1) 

16 U 
17 U 
18 B 
19 B 
20 G 

B (20.5) 
U 

G (39.6) 
U G (39.6) 

G (19.1) 
G (19.1) 

21 
22 

G 
S 

Totals 184.5 326.1 372.7 208.7 

A dash (-) indicates no improvement in sustainable recreational use over the 

next lower standard or over the base case as appropriate. 
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Figure 2-A

DO Sustainable
ppm Activitya

7 . 0

6 .5

6 . 0

5 .5

5 . 0

4 . 5

4 . 0

3 . 5

Swimmable
( p l u s  f i s h i n g
and boating)

Game Fishable
(p lus  boat ing)

Boatable B $20.5

Shorthand
Associated Annual Marginal

Willingness to pay per person

S $35.4

G $19.1

Unacceptable U 0
f o r  b o a t i n g

a Source : William J. Vaughan, 1981, The Water Quality Ladder,"  Appendix II in Robert C.

Mitchell  and R. T. Carson, An Experiment in Determining Willingness to pay for National

Water Quality Improvements (Washington, DC: Resources  for  the  Future ,  draf t  report ) .

b
Source : Smith and Desvousges [1986].
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